(i2)ftt/t ts a & m ic s -5 ^ x '& ffl * titz m ® tan 



(19) tSI^Qtfjffi^JtSIIfl 
(43) 

2003 *£11 £27 B (27.11.2003) 




PCT 



(10) HSSh 

WO 03/098332 Al 



(51) BIRttlt#S 7 : 

(21) SUgfflflS^: 

(22) HISttMB: 

(25) URSttJPCDWfg: 

(26) SRg^CDWig: 



G02F 1/13 

PCT/JP03/05864 
2003 *P5 ft 12 B (12.05.2003) 
B*l§ 
B*II 



(30) Sjfe^t^r— a«: 

^1812002-139655 2002 ^5 ft 1 5 B (1 5.05.2002) JP 

(71) (*■**< ±T©ttJtaifcoivc;: *>^X> 

B#fH*3t#tt (CITIZEN WATCH CO., LTD.) [JP/JP]; 



t 188-851 1 S««5EmjR7lTH«T AT B 1#1 2-^ 

Tokyo (JP). 

(72) S£B^#; fc«fctf 

(75) %wm/mm^ r*n:o^t(»^: ^£ 

(IDE.Masafumi) [JP/JP]; f 188-8511 £fll£R BHfilrtT 

mmm ATI ^m^ ^^ *>^X>B#itt*3e£*±rt 

Tokyo (JP). 

(74) ftlA: ft£F A (SHIONOIRI,Akio); T251-0024 

7 JHf JU 6 Pg Kanagawa (JP). 
(81) ft£ @ (Srt>: CN, US. 

— @ii8ias«#« 



= (54) Title: DYNAMIC GAIN EQUALIZER 
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(57) Abstract: A dynamic gain equalizer ( 1 ) comprising a spectroscope (4) for 
spectrally separating light incident at an incident end, a liquid crystal optical 
switch (5) for receiving spectral components separated by the spectroscope (4), 
and a lens system (3) disposed between the incident end and the spectroscope 
(4) and/or between the spectroscope (4) and the liquid crystal optical switch (5), 
wherein the liquid crystal optical switch (5) changes the light intensities of inci- 
dent spectral components for each wavelength before being output A specific 
wavelength is selectively controlled to equalize a light intensity for each wave- 
length without using a mechanism provided with mechanical moving units such 
as MEMS. 

(57)gfa: ^-f^S-y^'TWa^'ftf 1 l±. Attiffifr &A»f L 
tzltZ1*%?hWV&4£. #ft&4T-#3fc£>h.fc#5fcjStt£Aa*-f 
-SfcilftX'f -Vf5t. AStagt»3tS4i©M. xtf/xii^s 
4 < t?SSi3tX-i' v=f- 5 k<Dm\~E&W.Z*i% U>X&3 £ ^ffl^.fc«J« 
tL, JBtHftX-f ^51*, A3*Lfc#3fcJ$#<D3£8g£;TfcgS(-£ 
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Divosion Multiplexing) jj 5£ # & £> tl X ^ 5 » ^ <^ & ft 0- M ft 
.a&.#.5£T? tt, *jSfe©Stft©3te*3te7rW^-ceiSSb, SftSSte 

'/i fi 5> o t ^ 4 t 5 . * <Dtcfr\ r©fif>of & I«t5iK^ 
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5 „ fiJ#iER±*©^'<^#tt*^ WttfHl 1 (a) © ft H 

l (b) ©ilBt^tJ; 5 

? mm z ft % o m n m n \^ & ^ x m m z ft ^ % <d %m & n- , ft 
m a » * » * & *b » k w # * * # ^ {c * 7> s fc * * 11 

10 11 (c) ©ftiCt^$^5#tt©3fe^#^^5. 

tt , fu # j% st £ * * s * -f fJ # © * # # Si as <3 -c *s «9 > * 

:f 0 (Dfcfr ^ 7 4 >v $ V 1/ 7 m tf s m M £ *u » * 7 4 A* 

« # -r 5 ^ »* * # ^ T ^ /-mc «t 9 y ^ ^ $t it ^ ^ f » * 3£ *• 
20 ij^t5iK>l?/J5fe5 0 C © <fc 5 ft 3fc * y Y V — * » > * * s Ji iS 

r © i 5 ft » ^ K: fit > r ft 5 . 

fij # ^ ffi /is * £> b T 5 o C <D m # ^ ffi 3s f* s # ifi 3£ , 
25 *^:ft, ft IE St © 3fe J/ hi7-^i?«^'5T^ft , b©^ft^o 

rci 5ft> &Sfelcf±*f 3 ov>fci^3i«^^Mi"«>' 5 T^^5' 
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5 „ flfg^^TV^^^^^s/^y-f^-f^^^lf^ MEM 
S (micro electro mechanical systems) £rflj|3 U T , UltlfStl^: 
R St #1* l£ ± U»6t*5pU#«Stflfi*fi l 5. iOMEMS *5 V» 

¥B5 7- Sri?iUT^^S!^©I!!lfi«rf^t, £. <D Dfl a flt 
RK&fo&Wm't&m&ttts ? w ^ :|£ Id @S « L fc $c /h ft ¥ ffi 
10 Ltl/^. 

iS^WitLtJtli, i/^Xl 0 3 I: g T la iff t ^ 1 0 4 A tt 

15 -T3o m ^ i o 4-x?ia*fstbfcia*f3tew:, v >- x i o 3 & 

it#^SH^MEM S 1 0 5 CAlftS.MEM S 1 0 5 fit . 
£ k K J; t) > Rl+3te<03telft£*afc*fefc £ MEMS 

i o 5CJ; «j^*fe^3te3i^^^^$tbfeKSt3fef4s n' x 1 

20 03, @0fH^lO4^i-CSt) ! *77-f^lO2lClS„ M 
EMS l 0 5 \c *3 X % Slt3te03te3ftffSr*7r-r^^^»«K 

sto&sMtt^/si^Tfiiij^i-s^^.fc 1 ^ # 7 r w 1 o 

M E M S Sr /B V> ^ -f -T % V 9 V << >- -< = 9 4 V *5 V> T > 
25 MEMSW«/h¥®5 ?-BIH»t8lE**i:H«0**** 
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x & s t 5 ra jib a* *> s o * fc > «it*tt*^r»*B539«a>5/t*^ 

**S3S^-f«fe-tiX35Sjfe5. * © fc > & ft fill ^> fa $C 44 

5 © ^ t? Pp^ jm a* s o 

£ % MEMS {4 x f /h¥ffi $ 7-t*KMtS*8SW^t3fe 
o a q «J ft v> , * <D tc tb , MEMS(cJ:ot3l®air$J«tfc 

•T $ y ^ y ^ v -r a 9 -Y © /h M -fb , 3te ft * © :*: W * -fb K # 

o x ± ^ * * ft ra a t ft s o 

MS SrfflV^fcy-f y^^>T>"f = 7Yf fc^3V^t, ft 3& ^ 

©jftJfc#:flFtt0>&fls$:- : & = *i~5fctt> ¥ 4 5 y 9 V << ^ 4 
tU-C N tTMEMStfttt7* h y ^ K 
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ft 3£ ^ > ft * ^ f^Tt^'fffc^ttSni^Sft* 
* r. T? > # 3S 93 , «*©»jHSr*«:b"r, MEMS#(Da 

^ n 7^ f & - £: & 1 ft) i: b s f&J fl¥ & T>Mf 

)tt ± 5tSL^^Hi©P9I^i< -^iWi: * fc % ft 
^^^^-^Sfc&Kl^-rSS'Jii^ft*-^^ F^7t7^ if & * 
15 gib, £ fc , ft&^ = *i-3fctf><7>ft#ii!££^^£-r5^i: 

55 © n * 

^^^^^^^-^i/^y-r^-r^^-riff*, ft © # ^ & * & 

tKi#f*5, *38W©^^r^5 yttfJl/J^yJ if "C 
tt > iffcg&Ofteig^^H&^iftift*^ >y f * m^X ft 5 - t 
CJ; ») , T W ^ lu E t L » ^ * ¥ ® 5 7-^Iit5ME 
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* , *%P^©^'Tt5s'^y'f^^= | 7^fttt, Wife ft 

^yf©^H5tIS!)|iit-i:^-et5, r Jit t, & £ ft 
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*fc, *%pj©^'i , t$s'^'/'f^-i'= 3 7i'f-ett> ifc & ft 
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fcHU:{ftot*f*5*Hi>, AltftSrft^Hfti-5^^dS^< , 
Altft^ft^te-t-S - fc: J: SftaftftoeTSrBSC - 

5 o 

15 **flJD^'ft5y^y'f 3 7'ff 14, Altffi^b Alt 

Lfcft£#ft1-£#ft3li> #ft^T#ft£;ftfc#ftfi5c#&A 
IttSSIlS^'f Alt5S^^^t©F B 1, & t>* / X & 

a-ftSSittfift*^ f^X^iSrii*. 
fcS^i t5„ «*ft^-<s'5 i H:, Attbfc:#ft/&#<Z)ft3!tS 

20 %m-&&\z.mM\,xm^irz> 0 rtuci o , fto#£i&*&5i 
ftfift^r-r^fcmit-rsj: 5iatuv\ ^ © # t « , 

^/f t ? y^y^^^37'i'1J i £ ! &ft^7'-f'^££>l^^ 3 
25 «Aft;Wy^r±«ft©«Aft;W^^*^fcJ:!J*fifc-*"3 
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* fc. , ^:|§PJ©^^^-5 s> ^ ^ -Y ^ -Y ^ 7 ^ f t ffl V> 5 S S 
25 fgltf>4»/&<£>«Il43tf2, Dfelf^A^T-!) ^0it^t5-0 
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Kit. ftfi*^^ ^^t, fftlf-A^y y y ^©B»i 

rt^ftsfefcftwts*^' 5 ^ h/vrt^f Visits, 
flam? -r s . ^jsbh®**'** h r ^ if ^ m -t- s ft ^ 

$t a ft * ^ v *?• m * * fflffl & * 

15 0B©ffi^*fiW 

£ 1& iJH -f S © © HI "C 5 s »2HB*I*^^ y 9 s - © * J* , 
RDSii*^^ y f K i 5ft<Dfe;ft^1&©©J»£l&^-t-5fc© 

20 * >f jy © # fifc * S^ii^^^yfl-i^^oiftttOffl 

* W s> ^ Hf ^ © 1 ©**©«S#4rlftlli-Sfc*©H^*>9 , 
W 5 y ^ * ^ © * 2 <z> # j& o HI 

^ & f£ W i"" 3 fc © m -C & •? , % 6 Elte # 38. I^td JB 6 H ft 

7 llfi^^W©^^^ - y 1? >f 4 ~y 4 =» 9 ^ 1? © {& © $J P& ^ 
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SrWiW-t-Sfc«>OB-C*>5. 12 1 K ^ i" « file #1 fi W 'if R It S * 

Pi 0 **tt»t8. * *» n mi (a), (b) fi # » £ <© ^ = 
fig £ « * ft ^ # fifc #J T* & "9 , Hll (c) \&%*&&<D * - * 

20 «*«r**.TfcS#lJfc«-C&5. 

|§il (a) ^ -f 18 03 *3 V> T % 1?.%W <D ? << 1r % V 9 ? 

25 |r|at$n5)t^^3 ( ^ X 3 a , 3 b) £ £ ISt X. 5 „ 
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25 i£ 3E £ ft ft i* , t-^^MHt5:i4<-S^ 

6 bJ&»&«tft3te7r>f'*2 b 1U It £ ft & ° 
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T>* — S =1 ]) * — * 6 a «rfflV»ifc.«*/*0!lte36/l Lfct^lr^tT 
5 5 ^ v mi (b) <D -J& =t V X — ^ 6 b ilV^fciljlWCjS 

mi (c) I: ^ X , ilJfi^'f *;f 5Aft, :7*h^-r^ 
— K T 1/ f (PDA) 8^©#§Sii£^J±i^£#;i3o il ft * 
y f- 5 A % Ait*® — «B*SatU-CAltffifcB|-ri:*fc^ 
10 Aa+3te©SI0*rKat*'l*JfcftfeS#l*n-»<. ^ h ^ -r — 
K7 i"f 8 li, R3t3fcE**©itllt3te«r8t3i&** # & ft © ft 
§S U & W -f 5 o 

15 l*^^^f5A*|i]#f§o 4*5, ~ * ft ^ > HI ^ L ft 

* 2 a , 2 b(4'>'y^;V : t-K77 / f^tt5o 

20 ©Rg«*te®fM#fcov ,k -CEI2«r/BV' k -C!K93-*-5. * *s > »t A 
ft * 4 s>^te>ffiifrft£Attft£: 

t±S5tft£A§tft£M&6len-^< - 

bi 2 (a) r± , ^^3te^-r^9 : -^«^i _ siimo^rH3t^-i' 
25 j'f i^io-ftsEi^^Ltv^. ^^(Dm^yt^^fy^^ 

lr 5 - 1 , 5-2, 5-3, - , 5 - n £ > ######-#-3 
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ft%foft\z.fe^X7s< y ttif t, ^ 1, X 2, X 3, 

nlC^jS^fS. r t i 15 , 4Hft*3fc:**f 5- 

1, 5-2, 5-3,-, 5 - n tt, •t^f tl$I I 1 , X 2 , 

5 m c < „ B2 (b) it % mm ft * << v t- zm&vWi 

4 v ^ * ^f- <D - ^TcSae^r & IT ^ 5 . « ife <D H ft * 
'fj'fS^S-l a, 5 — lb, 5 — 1 c , ••• 5 — 1 m , 5 — 
2a, 5 — 2b, 5 — 2c, •••5 — 2m, 5 — n a , 5 — n b , 
5-nc, ••• , 

«l^«:> fSJfi^^S'flf 5-1 a, 5 - 1 b , 5-1 c , 
-, 5 - 1 m^iSa 1 ttlS^t, Sfi3t^>f ?fSl^5- 
2a, 5-2b, 5-2c, — , 5-2mt||[*l 2lCttAi$ 

15 r<z>-&5cBBSU:<};*ufi£ > # iS S I- ^ t IH C $ S J- *f i" 

IH2 (c) Wt % yf *f-R:Ajtt5*©*»* 

( HI * 0 SH H A ) i: , 3te»«SraB3ELfc«H:mit-t-53fe©*3ft 
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m 2 ( c ) ©IlAlC/7tJ;5t, 3&&4$ttf±fU#liff©flJ 

ftfc»jCU-CKfll*^fc«ft3t^>r j'f Ifl^ S <Z> ft 3£ 
f f i $ -t , iAtf , HI 2 (c) ©flfc*ilB^*-*-J;$fc»£ 
25 «f * # 5 . r © g t it 14 > ifO»ftt»Ltt>Bff|5l 
3lt i Lt^^5, fc *s , if <z> J; 5 ft & * 4* tt i" 5 tt & K 
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-y * Y ? y{ — K7 ttitSIt**^^ y ^ © # 

0 3 (a) , tl^^^f Sri^tSil:©^**^^ 
y^^^o — ftjoSf Sr*LXV^5„ r © i£ & ft * -y^f*, 
10 II|2{£;^Lfc*j£i|igtl© — & 7cia«©*£iift;*-f 7 f t 7 t 
F^-f t - KTW'f 8 7* h^-f KTU'f 8 ft 

« * ft * >f s/f$?0-|il^fil:t8t5. 

*ftO«l*^'ryf#^5-l ) 5-2, 5-3, 5 

15 m&%*'(y*?-^*^&^~C^* V ? << YT \s 4 8-1, 

8-2, 8-3, - , 8 -n^ffttS. 7*h^^*-K7 
1/^8-1, 8-2, 8-3, — , 8 - n & , ifl ft * -T y 

* ^ 5 - 1 , 5-2, 5-3, -, 5 - n^JielS^SLTg 
l*Lfc#©»»?©7fe©3te3&£&#»«a.l, * 2 , * 3 , - X 

20 n ft ffl -T 5 o 

Pill, EI 3 (b) , tt*3te^-fj/^Sr*^-f-S«[«[©»? 
i36^>T y^-Jdf-Rt^^* Y ? 4 Hr — K7 i/^ ©rftjclBt 

* L t 5„ H ft * s> 5Mi > iH2tC^LfcP^tlRlil© — 
»c55Ba«©«ft3te^>r y f 7 t Y ? 4 Or — K7 i"f 8 £ # x. 
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IftO***^^ yfff 5-1 a, 5-lb, 5-1 c, 

5 — 1 m , 5 — 2a, 5 — 2b, 5— 2c, 5 — 2m, 

5 — n a , 5-nb, 5 — n c , 5 — n m s ft % 4HI 4 ifi 

ft %-r 5 9 * > ^^^©^^^tjt^-t-s^i^fcfeoTiam 

T U <i 8 - 1 a , 8 — lb, 8 — 1 c , — 8 — 1 m , 8-2a, 
8 — 2b, 8 — 2c, 8 — 2m, 8 — n a , 8 — n b , 8 

- n c , -, 8 - nm^f tt5 0 7* h^'ft-KTWO 
-la, 8-lb, 8-lc, ••• 8 - 1 m , — , 8-na, 8 

10 -nb, 8-nc, — , 8-nmli, 

la, 5 — lb, 5 — 1 c , ••• 5 — 1 m , 5 — n a , 5 — 

nb, 5-nc, -, 5-nm#^SiJt^ILtSlttS3fc(: 
#UT»ofc3te©3te3ft&*:#tt*Jll, A.2, X 3 , - ; A. n 

6 fc: & m 5 o 

15 ^JxIf.IDfeX^ 5 - 1 a, 5-lb, 5-1 c, 

- , 5 - lmtl 1 — KTU^T 
8-la, 8-lb, 8-lc, — , 8 - 1 m it s f& ifs 3fe * 
'f yf *f 5 - 1 a , 5-lb, 5-lc, — , 5 - 1 m 2$ & 

20 5 „ {til tf? 5fe "I* ? , 5 : "^-f - (^oV' v Tfc|Rl ; iil"C$?5o 

«?> «3*liia><tftffiL, £ b K <£ 9 *W < ^ 

25 m3 (c) m 2 (c) tmrnx-fo*), •< y f- 
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\. & \z & % -t % <o % & m. (Ei^^^^B) <d mmm * J* v 

m 3 (c) ©^iAic^t ± 5 I-, g£ jc <z> f u*# © ft e # 
# 14 i o > m & t± ft & £ <> x & % -r § . r©fu»ae«iK:» 

3te3ftft*«^£* ; 5£fcfc«fc?K M x. fr£ . HI 3 (c) <D ill B 
fc^f i 9 \C „ if tf> ft * m » L X t {5 I3T ID C ft # ft t •* 5 r 
t t? § 5 „ ft *j x if ©. J; 5 * ft A # ft 4: i" 5 *> « & ^ C 

10 El 3 ( d ) fi 7 * — KTU>f©m^j^Sr*bTV>5. 

t^ILtWIf LfcS5©^©SlSf &9> B3 (c) * (DM 
i x. ft* , HI 3 (c) ©ifclftB 5 ftftSWttfc ft S± 

m s& f* & < * s o a «■ # © 3te & ft u: m it & m «■ ti tf * m 3 ( d ) 

^ ^ i 5 & # ft <£> 7 h^-T^ — KT vJtDmiJ&ftbifr&o 
mK> 7tby^t-K7u^©W^)#tt^@3 (d) fc: * i" 
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& sa a u , i*^ - a * 7 y ? # <d mo — m & & itt <d a ft* %. 

m 4 (a) tfc^T, m&ft * -i V f- 5 \t , flB 3fc ^ — A ^ ^ 
5 y y * l l K»L-ct*t5-roo4HIR:, H A< 1 3 tg 
It 1 5 ££Sfl^-a*;b-frfc:3fe#iSf^, & $i ifH? /i' 1 4 tH« 
fel 6 i ^t^^^^fc^^i^ *SEi mxv-^xT'v 
v 5 1 1 *®khXWL& J e^\ 3 i^[6]f5l^Altfflltf 
#8 <t UT=> y * — * 1 7£;frLTft7;r-f^l 9 S:iSt5„ 
10 — , ffi 3fe tf — 1 1 S;^A/-?iK|t;H 4 

f 5 i li , *3l««r«ILfc»9 0*Olillt»ift5. * — 9 

# 7 r '< 1 9^f*Alt*tffilt*t£r**aTVN5;fci?>, f" 
15 -ifa u-^ 1 8 IJS»t5-iKJ:otAJt*i:IU»*Sr^ 
lt5, «|t/H 3, 1 4 li, ® JEE o flnic <fc o T , A It L 
fc3fe©«*tt1fi*^/4»ftaE^**5. n <o m & X f* , R «■ 

20 1 tt > fil # # Bit &m 1 2 £ tfg TLX V^ 5 „ 

;:©fllri&a>iKaft;*'f y f f li . ^ -Y y ®) fls i Lt Altl 
HI fc # s tti It L t»t ffi (Exchanging state) A It MSI I- # 

tf* tfcS It "t %> ^ M ( Straight state) OHoOlftf^^iS^t^ 
ft 5. 

25 B 4 ( b ) ti Exchanging state ^ifePJ-t-^fcfe^HtrfeSo 

ioif^tittt, « -fe ^ 1 3S0|f B t;H 4 ® £ ft) 
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* 1 7-C¥fflf-Ai:^ofct, fi jt - A 7 ^ )) ^ 1 1 I- 

m £h -fe 1 3SU!iilH:;H 4 in « EE ft PP flD $ fh X ^ ft Vn # 
K «: N « * -fe /u 1 3R^f|t;H 4U:«k«Jfll3fc:|fctR©aeifc 
ftft t>frZ> 0 4*5, Bl 4 (b) ft > «3teJytlfi«>*lfe36 s tft)tb 

io *^tt«3tetttsa*£teLT#ffi^/i'i3&iiifiLfc«, ELM®. 
1 5t*RittStI t »I-feM 3SrI3fit5. -©H, £ b 
^^t*t^«x/4fefi:^'fk-r^.. r. tt J; «5 > A It b IS ft j& 
^P 14®*^^ s (i^i^tiS. f i^fcl*fife^ s li, ffil 
ft # Si K 1 AMStl^SSa^bttllt^ 

15 - 2f , 41 ft # HI $1 1 2tSltUfcI*J«^8 * 

/ 4 & :g fcMt ^ ft ^ IIS 3* ^ ffc U T $c .fa ir ^ 1 4 * 3fi sa U a , 

R It ttE 1 6 -eSStUSViSft-fe^ 1 4 & il i§ i" $ 0 r tf> i: # , 
$ f,i-<l3t^lii^/4Sft^Mbt5c Ztifc £ V , A It L 

20 tt , I3fe^i^fifel 1 2 tiii Mtf tlftSSSIii^&Ui 
It * tb S o mUlict, AltUfc*ttAlt»fc»4****» 

* fc s EI 4 (c) f± Straight state «: Itt 18 •** 5 *© E3 "7? fc 
25 £ -T 5 o t& A -fe * 1 3Rtf«A-fe/H 4 H, J£ ft W M £ 



WO 03/098332 PCT/JP03/05864 

19 

m <d & m # n t> ti & ^ 0 & & , i4 ( c ) t-ii, m % « m <o m 

&riSfT:b;fr&v^fi & o F F xm b X V» 5 0 

T?$St;H 3 ^1® Ufct, 5t It & 1 5 T'Klt UffO?^:©t 
5 4©l7t*titfit/H 3 £ a "f 5 o K It ^ s » H ft A'- r r 
3£ffli®UfcfiIftJ&#pi^ «*#«<£ffti«i 2 * ii Ji u , = 

M-#17fc^lt*7T'f^l9tUHtSifl5. — ^ > M 
3t ^ HI ^ fife K 1 2tRJtLfef*)S^B (i, ^t<D^^(om%^ 

tt-e«ftt;n 4*aaifcft, K It « i et^lttst)!^© 
io **ofljS3tettffi-e«*"fe^i4*aia*t-s. s it # s ft fi ^ 

14^iii^bfcfi?tefife^s(4, i3fe^S^fiiclfi 1 2 tSW 
=r y ^ — ? 1 7l:^Lt*77^^1 9 l£ Wit £ & „ CL ;ft, 

<5 o 

X2*9l*^>f y ?-<omi&s RX* 2 y. 2 %®m * 4 y f- * R v^ 

fc T K K P y ^•7/1/^^1' ^ tOijjStt, 0!) X WT „ Optical 
Engineering, Vol . 40 No. 8, 1 5 2 1 - 1 5 2 8 , Au gu s t 2001 (Sarun 
Sumr iddetchaka jorn, Nabeel A.Riza, Deepak K.Sengupta) 
20 (u IB t § H "C V> 5 „ 

I20«j^ii(:fe^t, IDfc^'fyflSfB, ffll * ^ - 
A * -7° U s> * t s '> * < fciH.o©SJH-«fc, A ft * IrI & ffl #P 

#1 ft fc* — A^^yjy^T?^i$*ifcroOl*)ft^#PI - ft I® 
25 &£vM£^fr;£fa£JIK:LT<Ifttf«-i=s*:^y 5/ * \z. S A It £ 
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•r s o 

SXTs 0 5«^^T#2©*fifct8«tK:oVN-C1KSfi't-5 < , 
0 5 lC *S T , Bll, l*dl^*?82 1 

is HloOS»#t2 2i, fli3te^lfll«rft!l*i*t-a0 

5 ^^J^i^^2 3 iSr«jt*.--«3te^W < frl**«2 1 ft * A it L 

"ft" S o 



git ^ ^ 2 2 (22A, 2 2B) (4,M^^K^j*^©2 1 



10 




ftZ&^^l^-fti&SrS: 


^ fc 51 2r 1*1 *r A 






g 2 1 ICffAlttS ± 


5 m ia S "f 5 o HI 






3^^{±, * # a- m^ 






«■ * a 2 2 , 2 3 i;± 




^ L , 1 t C a t 




^1-*-|6]^e>AltLfe 




ft # «£ 1^ ^ Jffc 2 


15 


l ^illL, s at #a 


2 2A&T>*SSt^I§:2 


2 b J! -e S ft £ 




ti, , f? t>' 4j§ ft # fit 


2 1 


met, m ft # m 




^^f S2 1 tSItt 


, g It ^ ^ 2 2 B & 


fc%^WL2 2 A<D 






ximitftm^ fc^wt 2 






tftetiz & n z o - o © 


sss c , d nm~ <d% 




20 


igcf'cc) b -e ^ -r # ft 


h A St b ft o V> X 


X % £3 ft # Ml 




-a-^^^2 1, glt# 


2 2 A , 2 2 B <D @E 


B tt ft 9* &) *t » 




in m - 


o (£> c , d ft: HI — 


o ft K t ft 5 o 




* „ ~ <D ft g§ _h 




ytmm^ & 2 3 & 




iit5. ft *s % i^is^t 2 3©iaift 


e « , 3t & ± £ *s 


25 




^ i ^ X- f 5 o 
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5 5 r. t & t? * 3 o 

_k fiB 2 Oi^iiltS^<t^«, SOt^r (D»fifei t*3(j 
5i^^l(iov>t, 1215 (b), (c) ^ ffi ^ T ISi E| t 5 . 
* jfc « f* , -fi^^il-^^^^2 1 ttfC»#^&III^V> 
roOSltt2 2 A, 2 2 B ^(DI&^^OAlt^Rtfffllt 
10 ^^22. 5*ift8i5fcEit8. Alt^Rt/iil*f 

ftttHf t*3^t e t?* Lt^s. ^ <d m M -cm* , a / 4 $s 

S<a{gftM$P£fT5M5fefl!IJf?^Jg:2 3 a £ , IOOgJW«2 2 
a, 2 2 b ©ftO-^^HIt^ ( Bl T* fi R It tR 2 2 a <Z) #J £ ^ 
LT^SiiS, SltS2 2 b tt5:Ht-t5) 03tE&±^HU 

15 ^-ftg^IBg-f-^o 

HI 5 ( b ) fit mi IS b fc Exchanging state |C *t j£ 3 lb f£ *: IK 
93 -f 5 ft <Z> HI t? th 5 o £©ttflS2tKte"T»tt^ * # *J W * * J: 
Sii^^^^fTto^V^o fil ft f&J #P ^ IS £: L-Cffcll-fc/v&JiV^ 
» m s ScA-fe/UcWJE&WflPi-S:: t-C^fflSifltltt 

20 5 vl i *S •? t 5 0 @t*tti©lfti^O F F LtV^5. 

A # (0<f o I N) i5>e>Altlfc3l6«:f 3feiSi s E^t5- 
o©!3t^^p tIJfc*^si>5,^5„ A It # f± , m m b ft V> 
n y ^-^t?^tTt*-Ai/j;ofci, <jI3te#lSt-£-;&^I&2 11: 
=fc "9 aciti-S{i^j*^p s ^ K $ 5 . 

25 dO»f^5Kti'ettai3fc«!l«l^a:2 3 a fit « ft ^ #1 £ fir fc? ft V^ 
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^©2 3 a £ il L & , 5M2 2 a"T?£ltS*bTl?tfiB3te 

mw^w>2 3a%mm-?Zo <d t % , as * ^ t» tt <b * -r 

«^^^p<0**t?&So « # & # p tt , $ f>tSlt«2 2 b 
T? K It $ *L , SVfi*^*^)«f ft 2 1 Hit*, w <D k # © 

5 Aii3teJ*#P<oiifT* , i*Jtt* Alt#i$ifciS:£-*-5#[R]fcfc5. C 
0<H5teri£^ptt«l3te^l!i-&^^®2lSrttJib, A It $81 fc A * 
5«ggB^5>ffllt$ttS 0 

2 2 b -e & m <* , * <o * * © mytwm-c mtftmm 2 3 a 

10 $: 51 iffl L fc « , Klt:K2 2a^KltSft-CI?l*flB3tefM<lP^Ifc2 
<D £ ife -C ifo 3 , m%tiLft s ttS-0*M3fe^il^^^©2 1 m 3ft U 

K It $ *b 5 o rofcSoRlt^ieifix Alt^fafcit^i-s^fa 
t fc 0 * Alt*tJl*«***»6ttJlt**t«. r^iaot, 

15 AltLfc#ttAlt*£f±Mfc5«f»a>feaiti-3;:fcfc:fc3o 
HI 5 ( c ) H fifr IS b fc Straight state lZ M 1r Z> Wi ft & M W 
t5fcfe©Iffc5„ ^©ibf^^^-eH, «jfc«#P*fti: J: 5 

H > jftftt/Kctff *R]iDLftV^r t T? ft ft* #c ffi "J" 5 - t # 

A It « ( H f © I N ) *>6>Altbfc3tl4BI*U*v>3y^ — 
^^ff^-At/icfel, iI##Plt-£j&^I§:2 1 tc J; 9 BCJft 

-r 3 #1 ^ j& # p fcsiti-s^^^^- s (c^-ii^tLSo 

4^*^m$tbfc#Hlttg2 2 a "CgltL, H T>* ft $1 ^ l£ 
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2 3 z %m&^ZZk^X/4%i&mmi5frXmft]&$rs Km 

2 2 b K It £ *X , ^{3lfi3fe$IJ^l#^2 3 a ^ if 

^/4ft*jE»SHfc«SltS 2 2 a UKW t, W V U ft M m 
10 fi2 3 a^IIt5^itl/4tSfi^ti*J$^p 

Id i $ ti 5 „ I3fe^^p li»o ? i*^i^^?12 l tit 

ffl It 3 "ft 5 . r ft Id <£ o T , AltbfcftfSAlt^ttelllca&igfl 
15 i»bHJ»t5 - 

*2©ij*i*l:S<J<*)««H:, 0 5C/7lfcil$O|> 

me (a) C^ti^Mli, l)t^l#lfS2 lt^fU 

*t » * t I t T , Io©SltS2 2 a, 2 2b£fii}fefi£# 

20 ©AfltAXVttlltA*S2 2. 5*fcft« J: 5 tEf t«.*i*J, 
A It .K. t>* W tt £ III K: & v> r © -c*^tt^5„ r <z> $t fife #i 

c ^ro©gltlS 2 2 a, 2 2 b©3fci&±©fltr2rtfc1RteE«-*- 

25 me (b) ic * -r * fife 09 r* , «3te5>«^^^a!tc^Lr»# 

Jfe {4 IS *5 V> -C , Io©Rlt|2 2 a , 2 2b^^^fife^OA 
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cSr-OOKM^22a, 2 2 b & * ^ 1 t fo o t : tl ^ 

©glti2 2 a , 2 2 b It ^ L t S il * 1^ t SB 1 1 5 , ^ tf> # 
fifc W -C » . */4&;K^<Iftfj5ij^&^9^ft«^^l£2 3 d £ 

me (c) tn * * jft « » , tt*fl^ 

ft & ft *3 T , -ocDRI+teSrflSafc^^wAa+^&^WIt^ 
^ 4 5 g t IB I L , £ b I- . lo©RWttSrZo©Rj|tS«:fe 

io u%mm ^m. <n> ® k * n * » ^ i/i 2tt*oijti»*tr 

t5 ( ^©t^fJtli, X/12^ft^^^;^J^^ ; fT5<i** | i 
$=P # f£ 2 3 e , 23f, 2 3 g JrtKlfS 2 2a, 22b, 2 
2 c iCffilf 5 0 

15 136 (d) t^t#*«B 4 06 (b), (c) 0) * J* AT i El 

# m ^ /& ^ i& 2 i t mm -r z> w *t - # s *■ * * -? v x a « 

20 ^^^ijT?{±,Rt=|-«22b$:'7 0 yXA < !;b,>KM^22a, 2 

m^wt^um.-r a****** L-cv^ 5 0 ft*s % ig^^-ii^-^^^ 

21lifi*^^^H21a^lioy!)XA21b, 21c 

25 i6 (e) ic & ■* m at. m » > i^^i^^fs 2 1 i^ut 
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un^wt* — o <o sittRW <d%& ±\cmmT %> a r © i ^ ^ t 

2 2 a, 22b«l©*§J:tiait5. 
5 06 (f) (C*tifife«», I3t^l^^¥t 2 1 let 

fftft & 2 2 . 5 g iE I L , X/lOjftftOflUteftllfliSr^T^iH 

# ffcl #? ^ S «: * - o©Sit*©3fcK±01i(f^ttB^ & — o O 

RSt«M©3teKJtKiBaiii-5o a. / i o « * 

10 ©«3fcfW»*ff5fii3teWJ»#S!2 3 i,2 3 j «: K « 2 2 a, 

2 2 b tEiu x/i o ft * ® % m ffl * o m %m n * ft 

2 3 k £ §t 4£ 2 2 a tSMS2 2 b fc<D|K|©3te»&±tcK1l1- 
5 . 

- « 6<J m > iftil&-fc/l'&fflV^«|tfST?ri N PDL ( ft #c # 
15 £g £c : Polarization Dependent Loss) > PMD ( •{! ft ^ — K 

# fc : Polarization Mode Disperation) K <t 3 ft 3ft £c ^ IB H t 

# 5 0 #J X. s P D L (4 , ||-fe/MSfix.5t«©iItff 9 

#v^fllfife'C#I3fcli:Mt53fell^fef^^M*5 * » - ^ it ft 
Jl 5 Si ft * i^T-li^ <lft/&#f3:{IICfti&£a 

25 au, ^ftcjtK^^^fHt^i^-ttsi^-e^s. 
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5 « A> fe 1 fc i # , K it « S: «[ * -fe © ^ffill BB IB -t" S.fll ^ i . 

K«'=E*»t*-fe''KZ>^-ffil^Bai»'t-S«fifc#!ISr*U % 07 (b), 
7 (c) ttR Itfc & iR ft -fc ^ © ft ffl ICES'*" 5 « W S:^ U T 
vn 5 o 

10 121 7 ( a ) tC *3 In T > ffi S * ^ 3 0 , 3fe A It #1 t>* h M fC > 

^7 ^|i©SS 3 1 a, I TOmomm^UM3 2 a, E ft fig 
3 3 a, % A J| 3 4 . gaiS!^ 3 3 b , l^lil 3 2b, & 
3 1b, ft SB Rft tS 3 5 ^121 fCi^$tl5o C "C , 

sws 3 5 *± , it m # # ji m , TA-5^^«?©i«sittttt3H-*» 

* , in 7 ( b ) (c *3 vn x , sst/u oii, * a it #i a» e> 

JCUC , 7 X <D mtil 3 1 a, I T Of ©litti 3 2 a, 

E ft HH 3 3 a , ^113 4, Saiflll 3 3 b , l^4SltI 3 6 , 

^®M3 7, Sjg3 1 b^Ef Ltl*^5. rC-C, 1*1 & 

20 R «■ « 3 6 » , 1113 7 fc £ 5 m i§ #B & *T 5 (C ^ « #: 

# € ME t ir 5 o * s «tR3 7 14 1 TOtiSilWtSKS: 

I ^ 5 : i «5 -e I s S^3 i btt#?:*«is©a93fc*t*sHcree> 

* fc , m 7 ( c ) ic *5 v> r , m a * 3 0 « , * a it w e> 

25 ^?^*03t«3 1 a, I TOf©S5liIl3 2 a, 

E |Rl m 3 3 a , .KAM 3 4, E ft SI 3 3 b, l*J & K It 4£ 3 8, 
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, f|«f*:#JilBEH:J;SK*tB&itl« ( A R : Antiref lection 
Coating) Sr^j^-T S £ i #3* LV^. 
10 * fc x * ft * TP ® B Ift « ^ 7^f^7l/^El«aXtt^7l'^ 

± V ft ft -fc A- »c *J ^ T , *8flo«S*^'f A M ffi 

is ^©:o©ftl-cllft5x^ * ^ ft fl* & fr 3 n # -e * s . 

£ fc , fit M $'1 * * fir 5 r & t? # 5 ft a ft ffl VN 6 - fc x * * * M 

* fc , ft ft -fc >K0 * >f y^»^Sr*UfflUT3teo«l#«rfi 1 5» 
^fctt^Oftft^/vw/S^ft^ttftft*^®**^***"*" 50 

* fc , ^taStt 2 *1»RRS*i5fc*> #>J x. . isi - © j* 
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i-5»3fiSt«©^>f-*-5 s> ^ y >f ^ =« 7 -< »c o X , 18* 

/B T tft BJ 5 o 4*5, 0 8 (a) f4^;54i^©^ = ^atg?r^ 

tl * v> # m t? & •? . ins (b) {4^^^o^--^a^*#xi 

H8 (a) U:7j*-*-*lfifc0IIK::fcv^-t, ^^1©^^ t $ ^ 
ifc ft * "f y f- 6 BT*ftf£^£^H£;ftjIi&l-fcft<z><&j£:K£r 

io -^^-1-5-^^^20^, attorn t ft ytm 4 t <om . &%$k4t 

WL&%* << y 5 B fc<0|!DJcEil*tl/53t^*3(W'VX3 a, 
3 b) i: & # * 5 0 ^i^2 0 f± , &®.l.1t'&kZZ:fr?fr&te 

V X 3 b , # ft ^ 4 , U > X 3 a , n y ^ ^- ^ 6 a Sr iE 

A ft ft « , Jfe77-f ai»bA«t5:i#-C#5. ft ^ 

7 4 s< 2 a I o fc 3t [4 s ft !7 7 -Y 2 aCDSjggMC^^^tl-fc 

20 So #ft»4fc*9*feftfc vvX3b 
^1 bt^S^^^ y f- 5 B K: V A $ tt 5 o 

3ia&S©tfcft3te*>f y ^ 5 BI4, 2gA£frfc£-$t:g)&#<aft 
3& £ £ ^ H U , »«aejEUfc*S:iiia*-&S« *^ 
5 B ^Ii§Lfc*li, & 3£ 2 0 |Ci 9i*fetl3t7 7^^2 

tKK*, ft 7 7 2 bK:ilM»Jh/fc.3te©#3ftA*Blfj£©Jft 
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$ tb -5 ft AS x ft £ *» 46 -f 5 * U # IK ft © * "J # ** * « £ » # ^ £ 
-ft: -5 m & fc: fi > $t & ft * ^ s> ^ 5 B m J; <9 rofij#©iSIft 

/ie>-&sr.i:ASif*5fc«)s ftSr^Bt-rs-^ — ^. u - * ^ z: 

* , H 8 (b) ~ <D ^ ~ ^ 
10 5 . 

HI8 (b) icfc^-C, HI*^^ 5 Btt, 7 * Y ? <i * 

- k r u >r (pda) 8^^ft3i*^mfi^<ix6 0 « ■& ft * 
i5 %fa&vmftirmkg i tezJffo^m<o ? * h ? * ft w 

8 , ft|tft^^caft£Ifc9&^#&ft#tf>ft3£^£l£ffli~ 
So 7 * V ? 4 * — Y T V 4 8-C^tH^tbfc^tfcJ{B^-{*^ = ^ 

^-f ?f BBt«*t5. ft *J % = ^ W , 0 5* L ft ^ * 
20 iltKS/TLTU<, * s S!l»*fl!lO«:«*.1** * = 
?mt)<Ofy%m7F-tZ>Zk-bX*%£?iz^X-b£^o ft 33 % ft 
7 y -< 2 a , 2 b 14 ^A'* - F 7 7 -f ^ t t 5 . 

* k: , tba+ft«rA«-ftt*fts*iftn:2»<jfijBai©«i6*^ 

25 * y f l: o ^ t 1) . fJiaLfcS^M^^^ft^-f y 7 k &m 
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& 5c IB * *r M t VxmW L . — ft. 7cmUlz o ^ X it WLW & % 

m 9 (a) Mc , «A3t^-fy^4r*fifci-S*«:©ttffi3te^>r 

5 ^-5-1, 5-2,5-3, 5 - n £ % ^*^iJ5^3fet5 

^ti&oTffif # ft * A, 1 , X 2 , * 3 , -, Xn(C 

Jfc £ -fr 5 „ r J; <9 , #II*^-f y ^ * -T- 5 - 1 , 5 - 
2, 5-3, - , 5 - n fi , * th ? tim & X 1 , X 2 , Jl 3 , 

10 J&SBf^^I^^tillti - * ( W J*, tf % 0 9 ^ © P©^R1), *fc N 

irj © & g p ^ w: > iftW©fc«>(ci{is:±^b^fciir-f> r. <d fa 
g £9 m lz RB b *i/ 5 t> © t? fi v> „ £ s tt©Ii3fe^^yf 

as , r. r m w & m m§ -r * . 

:f <D « j&(C o l> -C HI 9 (b) ^ ffi t SS ie t 5 o & *5 ^ - - 
20 So -O^Hft^'fs'^te, 09 (a) fc^bfcflljfciEltfcfc 
SritS. 7 * Y ? 4 F7 l"f 8 tt JS ft 3fc * >T y ^ *§ ^ 

25 5 - 1 , 5-2, 5-3, 5-n£rM*<-Cia@L, £ <Z> 
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2 , 8-3, - , 8 - n ISt 5„ & X 4 y 5 - 

1, 5-2, 5-3,-, 5 - ntts *Jlf iift*l 1, * 2 , 

fc*ft*0ffi*lftlfcimt*f5 ( 0IJ X fc£ , [29ftf>P<Z>£;PP) 0 ^ 
5 *> <D% He Alt it * Ift fc ** S ft 7 * h 

t - K7 V"f 8 - 1 , 8-2, 8-3, - , 8-nS, - 
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